Interstitial cells (I-cells) in hydra are rapidly proliferating, undifferentiated cells. They are widely acknowledged to be the precursors of nerve cells and nematocytes in asexual hydra. They are also precursors of sex cells under conditions of sexuality. Histological evidence for I-cell differentiation to other hydra cell types has often been reported (see Lent/., 1966) , but this appears not to occur in rapidly budding Hydra attenuata in our laboratory (David and Campbell, 1972; David, unpublished) although it may occur during regeneration or nutritional stress.
I-cells are found primarily in the ectoderm of the gastric region of hydra wedged between epithelio-muscular cells. They occur as single cells or in clusters (nests). The cells in clusters are connected to each other by cytoplasmic bridges (Slautterback and Fawcett, 1959) . Lehn (1951) observed that all cells in a cluster divide synchronously and postulated that the clusters arise from single cells by a series of diviThe authors thank Dietrich Bodenstein for bringing the thiolacetic acid-lead nitrate staining procedure to their attention. This research was performed during the tenure of a Helen Hay Whitney Postdoctoral Fellowship to C.N.D.
sions thereby giving rise to nests of exactly 2" cells.
Nematocytes differentiate synchronously in clusters of 4, 8, 16 , and 32 cells and are thus thought to be the products of the corresponding nests of I-cells (Lehn, 1951; Slautterback and Fawcett, 1959; Rich and Tardent, 1969) . Whether I-cells other than nematocyte precursors occur in clusters is unknown. If not, nematocyte determination occurs in I-cells before proliferation of an I-cell to a nest; if so, determination could occur in a proliferating nest as late as immediately prior to capsule formation. A further question of interest is which of the non-nematocyteforming I-cells are the precursors to nerve cells and which make up the proliferating stem cell pool.
Dissociation of hydra tissue into single cells by maceration in glycerol and acetic acid has proven an extremely useful technique for recognizing and categorizing I-cells and their differentiated products, nerves and nematocytes (Schneider, 1890; Hadzi, 1909; Davis et al., 1968; David, 1973) . Based on cellular size and morphology two types of interstitial cells, big and little, have been distinguished. Photographs and extensive descriptions have been 537 presented elsewhere (David, 1973 (David and Gierer, 1974) . The big I-cells, which must include the precursors to nests of little I-cells, probably also include nerve precursors and the proliferating stem cells necessary to maintain the population in growing hydra.
Further information about the role of the various types of I-cells in the differentiation of nerves and nematocytes has been obtained from the distribution among the various regions of hydra of I-cell nests and nests of differentiating nematocytes. The data presented here apply to rapidly proliferating H. atlenuata maintained at 20 C and fed daily with Artcmia (David and Campbell, 1972) .
DISTRIBUTION OF I-CELL NESTS
The frequencies of I-cell nests of various sizes determined with the maceration technique are given in Table 1 . Nests not containing 2" cells are rare. Thn strongly suggests that the nest sizes observed in maceration preparations are not artifacts of breakage but accurately represent the situation in vivo. The maceration results are also supported by a study (David and Gierer, 1974) which indicates that the observed occurrence of I-cell nests corresponds closely with the distribution expected from nerve and nematocyte production rates and the cell cycle times of I-cells. Table I also gives the distribution of I-cell nests in various regions of hydra. The gastric region and budding region contain the majority of all I-cells (Bode et al., 1973) including I-cell nests of all size classes. By comparison, the hypostomal region and proximal peduncle (including basal disk) have markedly reduced numbers of I-cell n2sts. Here nest; of 4, 8, and 16 are absent or barely represented and the frequency of 2's is very low. The frequency of single I-cells, however, is only two-to threefold lower than in gastric tissue.
DISTRIBUTION' OF NESTS OF DIFFERENTIATING
Nl'.MATOCYTES Lehn (1951) The results are expressed as the frequency of a given nest per 100 epithelial cells. The values for total hydra are the average ± standard deviation of four independent preparations each containing 10 hydra; to obtain the uncertainty of the average, di\ide the quoted error by 2. The lesults for separate regions of hydra were obtained on one set of macerations using 10 animals. In all samples 500-1000 epithelial cells were counted. ( Fig. 1) . Early stages are not stained nor are mature nematocytes, either migrating to the tentacles or mounted in battery cells of the tentacles (Fig. 2) . The background tissue also remains unstained. Thus, whole mounts can be prepared and the individual nests identified in all parts of an intact hydra. Figure 2 shows a bud stained for differentiating nematocytes. The nests of nematocytes appear to be distributed uniformly throughout the tissue. At higher magni- fication individual nests can be distinguished and the number and type of the nematocyte determined (Fig. I) . The cells in a nest are usually tightly packed together. As the nematocytes complete their differentiation, the staining reaction becomes fainter and the nest begins to break up into individual, independently migrating nematocytes. Table 2 gives a summary of the frequency of nests of 4, 8, 16, and 32 for each of the three types of nematocytes in H. atlenuata. Desmonemes occur for the most part in nests of 16 cells although a few nests of 8 and 32 are found. Stenoteles and isorhizas both differentiate primarily in nests of 8 and 16 cells. These results are similar to those of Rich and Tardent (1969) who used less rapidly growing hydra. The low level of stenotele nests of 4 in the present data may reflect the different conditions of culture.
The absolute number of nematocyte nests per hydra varies over a twofold range in our animals. This variation affects all types about equally. Temperature and feeding also influence the number of nests per animal: growth at lower temperature (16 to 18 C) or less intense feeding or both can increase the number of nests per hydra as much as twofold.
LOCATION OF NESTS OF DIFFERENTIATING NEMATOCYTES
Our whole mounts demonstrate clearly the sites of nematocyte differentiation. Nests are abundant throughout the gastric region, budding region, and distal peduncle. By comparison, the region immediately proximal to the tentacle ring and the region immediately distal to the basal disk are almost completely free of nests 3.0 ± 3.2
.5.7 ± 3.1 34.3 ± 13.6 19.6 ± 12.3 94.6 ± 27.3 23.5 ± 11.8 13.9 ± 7.9 9.5 ± 3.1 All nests on the upper surface of a whole mount (excluding buds) were counted, and the result multiplied by 2.2 to account for nests on the uncounted lower surface and sides. The rare nests with sizes other than 2 n were counted as nests of the next higher power of 2. The results given are the average ± standard deviation for 11 animals; the error quoted can be converted to the uncertainty of the average by dividing by 3.3. of differentiating nematocytes (Fig. 3) . The size of these "clear zones" varies from animal to animal but is generally about i/ 10 of the total length. The developing bud hypostome, in marked contrast to the hypostome of the parent, has no subjacent clear zone. Nests of differentiating nematocytes often appear, in fact, on the very tip of the developing bud even at stages of bud development as late as tentacle formation. A similar situation exists in the newly formed basal disk of the bud. with results on nerve cell differentiation in hydra permit the assigning of these functions to certain I-cell nests.
The spatial distribution of nests of 4, 8, and 16 I-cells in hydra is correlated with the occurrence of nests of 8, 16, and 32 differentiating nematocytes. This coincidence suggests that these nests of I-cells are the precursors for nests of nematocytes.
Both the hypostome and basal disk, where nests of 4, 8, and 16 i-cells do not occur, are sites of active nerve cell differentiation (David and Gierer, 1974) . This indicates that nests of 4, 8, and 16 I-cells are not precursors for nerve cell differentiation. Rather, the nerve precursors are single Icells or possibly nests of 2.
The present results do not permit a direct identification of the stem cell population with one of the classes of I-cells. Nevertheless, the disproportionately large number of nests of 2 compared to nests of 4 suggests the possibility that stem cells are included in this population. A quantitative study to be presented elsewhere demonstrates that a large proportion of nests of 2 are in fact stem cells (David and Gierer, 1974) . Lehn (1951) and Rich and Tardent (1969) have presented evidence for the synchronous multiplication of I-cells to form nests which then differentiate synchronously into one specific type of nematocyte. From their results, however, they could not decide whether determination occurred prior to I-cell proliferation to form a nest or at the final cell cycle prior to nematocyte differentiation. The present experiments do not provide a complete answer. They do suggest, however, that determination as nematocyte rather than nerve or stem cell occurs at least as early as the 2-cell stage in order to achieve the production of nests of 4 I-cells.
Such an early determination event provides a ready explanation for the observation that the bud hypostome 2 days after bud initiation still does not have a clear zone subjacent to it. If the hypostome blocks nematocyte determination before the 4-cell stage and does not affect later stages of I-cell nest proliferation or nematocyte differentiation, then clear zones cannot be expected until several days after the initiation of the bud hypostome.
